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IntroductIon
Conduct disorder (CD) is defined by the Diagnostic and Statistical 
Manual of Mental Disorders as a repetitive and persistent pat-
tern of behavior in which the basic rights of others or major 
age-  appropriate societal norms or rules are violated (American 
Psychiatric Association, 2000). CD is one of the most common psy-
chiatric disorders in childhood, with prevalence ranging from 6 to 
16% for males and from 2 to 9% for females (American Psychiatric 
Association, 2000). Further, it is evident that CD has negative con-
sequences not only for the child but those in their life and society. 
Children with CD often experience poor academic achievement, 
low employment and socioeconomic status, higher rates of auto-
mobile accidents, family problems, antisocial behavior, and mood 
problems in adulthood (e.g., Waschbusch, 2002). Therefore, gain-
ing a greater understanding of CD and its etiology is important.
Several lines of evidence suggest that low verbal ability is a risk 
factor for CD (e.g., Wechsler, 1944; Moffitt and Silva, 1988a). A 
review paper reports that delinquent individuals have average full 
scale or verbal intelligence quotient (IQ) scores 8–10 points lower 
than the population average (Nigg and Huang-Pollock, 2003). 
Quay’s (1987) review also found that delinquent adolescents have 
lower IQ scores than adolescents from general population sam-
ples, and that the delinquents’ deficits were stronger in the verbal 
domain. Approximately two-thirds of delinquents were deficient 
in  verbal  abilities  measured  by  standardized  intelligence  tests. 
Longitudinal studies also find that early weakness in verbal learn-
ing and verbal reasoning ability predicts later persistent offending, 
CD, and antisocial outcomes (e.g., Moffitt, 1990a; Farrington and 
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Hawkins, 1991). The verbal deficit in youth with CD appears to 
be at least partially independent of such potential confounds as 
ethnicity and socioeconomic status (e.g., Hirschi and Hindelang, 
1977; Wilson and Herrnstein, 1985; Petee and Walsh, 1987; Lynam 
et al., 1993; Moffitt et al., 1994).
Researchers have proposed several theories explaining the asso-
ciation between VA and CD (see Moffitt, 1990b for a review). Luria 
(1963) posited that because speech processes are less developed 
in children with verbal deficits, they have a difficult time evalu-
ating novel situations while simultaneously incorporating past 
and present information, leading to difficulties in complying with 
behavioral rules. Savitsky and Czyzewski (1978) suggested that ver-
bal deficits may lead to mislabeling the emotions of others, which 
could lead to improper reactions. Also, verbal deficiencies may 
hinder a person’s ability to anticipate consequences of behaviors 
as well as to decide what is morally right and wrong (Wilson and 
Herrnstein, 1985). Further, Loney et al. (1998) suggested that verbal 
deficits affect engagement in private speech, which is an important 
factor in behavior regulation. School failure may play a role in the 
link between verbal deficits and delinquency, as it may result in 
social rejection, which then decreases the chances one will identify 
and socialize with prosocial peers (Moffitt, 1993).
Although it is clear that low verbal ability is a risk factor for CD, 
several researchers have questioned whether this association is due 
to the comorbidity between attention-deficit/hyperactivity disorder 
(ADHD) and CD. ADHD, which is characterized by symptoms 
of inattention, impulsivity, and/or hyperactivity, is significantly 
comorbid with CD; for example, one meta-analysis reported a 
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genetics of CD, ADHD, and verbal ability. A meta-analysis by Rhee 
and Waldman (2002) concluded that there were significant and 
shared environmental influences on CD (a2 of 0.50, c2 of 0.11, and 
an e2 of 0.39). Additionally, a review of genetics studies examining 
verbal ability indicates an overall heritability of 65% (Plomin and 
Craig, 1997). A review of 20 twin studies of ADHD reported a mean 
heritability estimate of 76% and little evidence of shared environ-
mental influences on ADHD (Faraone et al., 2005). Also, several 
studies have suggested that there are common genetic influences on 
ADHD and CD (e.g., Thapar et al., 2001; Nadder et al., 2002; Dick 
et al., 2005). There is little known regarding the effects of genes and 
environmental influences on the covariation between verbal abil-
ity and ADHD/CD. Plomin et al. (2002) examined the association 
between verbal and non-verbal cognitive abilities and behavior 
problems in preschool children, and found evidence of both genetic 
and shared environmental influences on the covariance between 
cognitive ability and behavior problems. Koenen et al. (2006) found 
significant genetic influences on the association between general 
IQ and antisocial behavior in males, but not females, across the 
ages of 5–7. When individuals with ADHD were excluded from the 
analyses, the correlations were slightly attenuated, but the associa-
tions were still significant for males.
In sum, previous studies suggest that the association between 
verbal ability deficits and CD may be due to the comorbidity 
between ADHD and CD. Given this suggestion, we investigated 
the etiology of CD, examining whether low verbal ability is a sig-
nificant independent risk factor for CD after controlling for ADHD. 
The first alternative hypothesis is that there are unique genetic and 
environmental influences shared between verbal ability and CD, 
independent from those shared with ADHD. The second alter-
native hypothesis is that the common influences shared between 
verbal ability and CD are also shared with ADHD. To investigate 
these alternative hypotheses, the etiology of CD was examined by 
decomposing its variance into influences shared with both ver-
bal ability and ADHD, those shared only with verbal ability, and 
CD-specific variance, in a genetically informative sample. Per alter-
native hypothesis 1, if there are significant genetic and/or environ-
mental influences shared only with verbal ability (after accounting 
for ADHD) on CD, this would be evidence for verbal ability as 
an independent risk factor for CD. Per alternative hypothesis 2, if 
there are not significant shared genetic and environmental influ-
ences between verbal ability and CD after controlling for ADHD, 
this would suggest that low verbal ability is not an independent 
risk factor for CD. The trivariate Cholesky decomposition model 
(see Analyses  for  a  detailed  explanation)  was  used  to  address 
this question.
MaterIals and Methods
PartIcIPants
The present study includes 2744 adolescents from the Center for 
Antisocial Drug Dependence (CADD), an ongoing, multi-compo-
nent, collaborative study underway at the Institute for Behavioral 
Genetics (IBG) at the University of Colorado. The age range of the 
sample was 11.33–19.01 years (M = 14.99, SD = 2.16). Among these 
participants, there were 360 MZ female twin pairs, 221 DZ female 
twin pairs, 297 MZ male twin pairs, 220 DZ male twin pairs, and 274 
opposite-sex DZ twin pairs recruited from two   community-based 
median odds ratio of 10.7 for comorbidity between ADHD and 
CD (Angold et al., 1999). A review by Hogan (1999) notes 16 of 27 
studies examining the association between CD and general intel-
ligence measures failed to control for ADHD symptoms, and that 
studies that did control for ADHD typically found no or diminished 
association between CD and IQ.
Henry and Moffitt (1997) noted that verbal deficits are espe-
cially pronounced in delinquents with ADHD. Also, Moffitt and 
Silva (1988b) noted that although a group with only histories of 
delinquency had significantly lower verbal scores than a comparison 
group, the delinquency plus attention-deficit disorder group was 
significantly more impaired than the delinquency only group. A 
meta-analysis conducted by Waschbusch (2002) reported differ-
ences in verbal ability among children with hyperactive–impulsive 
attention (HIA) problems and conduct problems. Although children 
with both HIA and conduct problems and children with HIA only 
had significantly lower verbal IQ scores than comparison group, the 
conduct problem-only group did not differ from controls.
In contrast, Déry et al. (1999) found results that did not support 
the hypothesis that the lower verbal ability in CD adolescents is 
due to comorbidity with ADHD. Both CD + ADHD and CD-only 
groups had significantly lower verbal scores than the comparison 
group. Although the CD + ADHD group had lower verbal scores 
than the CD-only group, the difference was not statistically signifi-
cant, suggesting that lower verbal scores are associated with CD, 
not with comorbid CD + ADHD.
Given the possible role of ADHD in the association between CD 
and verbal ability, we conducted a genetically informative study 
examining whether CD is influenced by genetic and/or environ-
mental influences shared in common with both ADHD and verbal 
ability and those shared in common only with verbal ability (after 
controlling for the ADHD). Twin studies estimate the magnitude 
of genetic and environmental influences on phenotypes such as CD 
and verbal ability by comparing the similarity between monozy-
gotic (MZ) twin pairs and dizygotic (DZ) twin pairs. MZ twins 
share 100% of their genes, whereas DZ twins and ordinary siblings 
share 50% of their genes identical by descent. Thus, there is evidence 
of genetic influences on a trait if MZ twins are more similar than 
DZ twins or ordinary siblings on phenotypic traits. The propor-
tion of observed variance in the population that can be explained 
by genetic differences is heritability (A or a
2). Twin studies also 
differentiate between shared environmental (C or c2), influences, 
which make individuals in a family more similar and non-shared 
environmental influences (E or e2), which make individuals in a 
family dissimilar on a particular trait.
Twin studies also can quantify the magnitude of genetic, shared 
environmental, and non-shared environmental influences on the 
covariance between two traits, such as CD and verbal ability. In 
bivariate  genetic  analyses,  cross-sibling,  cross-trait  correlations 
(e.g., the correlation between CD in twin 1 and verbal ability in 
twin 2 or vice versa) in MZ and DZ twin pairs are compared. There 
is evidence of genetic influence on the covariance between two traits 
if the MZ cross-sibling, cross-trait correlation is greater than that 
of DZ twins or of full siblings.
To our knowledge, there has not been a previous behavior 
genetic study examining the associations among CD, verbal abil-
ity, and ADHD. However, there is a large literature examining the www.frontiersin.org  March 2011  | Volume 2  | Article 3  |  3
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accordance with instructions from the instrument’s authors. Because 
of the low prevalence of ADHD and CD in this population-based 
sample, only the symptom criteria were used, and DSM-IV criteria 
for age of onset of symptoms or symptom clustering were not used. 
Therefore, caution should be used when interpreting prevalence 
rates for CD and ADHD diagnoses in our sample (see Table 1). 
Verbal ability was assessed via the vocabulary subtest of the Wechsler 
adult intelligence scale III (WAIS-III; Wechsler, 1997a) for indi-
viduals 16 years of age and older or via the Vocabulary subtest of 
the Wechsler intelligence scale for children III (WISC-III; Wechsler, 
1991) for individuals under the age of 16. The verbal scores are the 
standardized residuals after the effects of age and sex have been 
regressed out and have a mean of zero and variance of 1.0.
analyses
To investigate the covariation among ADHD, CD, and verbal ability, 
multivariate genetic analyses were conducted using Mplus (Muthén 
and Muthén, 1998–2004). Mplus allows analyses of a combination 
of continuous and ordinal variables, which is ideal for the present 
study, given that verbal ability is a continuous variable, and ADHD 
and CD are ordinal variables. Because DSM-IV psychiatric symp-
toms are highly skewed, data were analyzed with the assumption 
that a normal continuous liability distribution underlies the ordinal 
variables (i.e., 0 = no symptoms, 1 = one or more symptoms, and 
2 = diagnosis). This approach allows for statistical analyses that 
preserve the statistical advantages of the normality assumptions 
for the underlying liability, retains an explicit mapping between 
the underlying liability and observed data, and provides accurate 
measures of the underlying correlations and parameter estimates 
(Stallings et al., 2001; Derks et al., 2004). Also, given significant sex 
and age differences in the prevalence of symptoms and diagnosis 
of ADHD and CD, sex-specific thresholds were estimated, and age 
was included as a covariate in the genetic analyses. Effects of age 
and sex were regressed out from verbal ability prior to analyses.
Correlations
Phenotypic correlations among ADHD, CD, and verbal ability were 
estimated, with polychoric correlations being calculated between the 
two ordinal variables (ADHD and CD) and   polyserial   correlations 
samples: the Colorado longitudinal twin sample (LTS) and commu-
nity twin sample (CTS). The LTS and CTS are two samples recruited 
into the CADD from the Colorado twin registry (CTR), a popu-
lation-based registry housed at IBG at the University of Colorado. 
The LTS consists of a sample of twins whose development has been 
studied since birth, and the CTS is a sample of twins recruited for 
the first time by the CADD. Data for the present study were col-
lected from the two samples over the same period of time. Informed 
consent and assent forms approved by the University of Colorado 
Human Research Committee were completed by participants and 
their guardians before the start of study procedures. Further infor-
mation concerning the recruitment and sample description of both 
samples can be found in Rhea et al. (2006).
Procedures
To determine the zygosity of the same-sex twin pairs, a nine-item 
assessment of physical characteristics was completed by interview-
ers. This assessment was compared to concordance of the twin 
pairs’  genotype  at  11  highly  informative  short  tandem  repeat 
polymorphisms. Twin pairs with similar physical characteristics 
and concordant genotypic markers were classified as MZ pairs. 
Those with disparate physical features and genotypes were classi-
fied as DZ pairs. Among these, only nine had discordant physical 
characteristic assessments and DNA data. These discordances were 
re-examined and resolved by inspection of photographs of facial 
structure and ear morphology, and DNA recollection and regeno-
typing if necessary.
In  the  present  study,  the  Diagnostic  Interview  Schedule  for 
Children – IV (DISC-IV; Shaffer et al., 2000) was used to assess 
ADHD and CD. The DISC-IV is a structured psychiatric interview 
assessing DSM-IV (American Psychiatric Association, 1994) symp-
toms and diagnoses for Axis I disorders over the past year as well as 
lifetime, based on adolescent interviews. An earlier study utilizing 
a subset of the same sample (Ehringer et al., 2006) demonstrated 
that the prevalence rates for ADHD and CD are comparable to 
those reported in the Methods for the Epidemiology of Child and 
Adolescent Mental Disorders Study (Shaffer et al., 1996). To deter-
mine the absence or presence of symptoms, and whether diagnos-
tic thresholds were met, computer algorithms were developed in 
Table 1 | Number of individuals (and percentages of sample) with no CD/ADHD symptoms, subthreshold CD/ADHD symptoms, and diagnosis of 
CD/ADHD.
    MZ  DZ
  Entire sample  Male  Female  Male  Female  OS
CD
Absent  1483(54.0)  286(48.1)  433(60.1)  207(47 .0)  294(66.5)  263(48.0)
Subthreshold  1027(37 .4)  228(38.4)  254(35.3)  186(42.3)  128(29.0)  231(42.2)
Diagnosis  234(8.5)  80(13.5)  33(4.6)  47(10.7)  20(4.5)  54(9.9)
Total  2744(100)  594(100)  720(100)  440(100)  442(100)  548(100)
ADHD
Absent  1596(58.2)  345(58.1)  427(59.3)  237(53.9)  276(62.4)  311(56.8)
Subthreshold  1051(38.3)  229(38.6)  276(38.3)  181(41.1)  152(34.4)  213(38.9)
Diagnosis  97(3.5)  20(3.4)  17(2.4)  22(5.0)  14(3.2)  24(4.4)
Total  2744(100)  594(100)  720(100)  440(100)  442(100)  548(100)Frontiers in Psychiatry  | Child and Neurodevelopmental Psychiatry    March 2011  | Volume 2  | Article 3  |  4
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to genetic, shared environmental, or non-shared environmental 
influences. In the Cholesky model, the number of genetic, shared 
environmental, and non-shared environmental factors are equal 
to the number of variables entered in the model. The first set of 
factors influences ADHD, verbal ability, and CD; the second set of 
factors influences only verbal ability and CD; the third set of factors 
influences only CD. In this model, the first variable is ADHD, the 
second variable is verbal ability, and the third variable is CD. The 
variance of CD is divided into that shared in common with both 
being calculated between the continuous variable (verbal scores) 
and the two ordinal variables (ADHD and CD). Within-trait cross-
sibling correlations and cross-trait cross-sibling correlations were 
estimated for MZ and DZ twin pairs.
Multivariate model
Figure 1 presents the Cholesky decomposition model, which was 
tested to examine the role of ADHD in the association between CD 
and verbal ability and the degree to which this covariation is due 
FigurE 1 | Parameter estimates from the full trivariate Cholesky 
decomposition model. ADHD, attention-deficit/hyperactivity disorder; 
CD, conduct disorder. *Indicates a significant p value of <0.05; **indicates 
a significant p value of <0.01. Dotted lines indicate parameters dropped in 
reduced models. A1 = Genetic influences shared in common by ADHD, 
verbal ability, and CD. A2 = Genetic influences shared in common by verbal 
ability and CD. A3 = Genetic influences specific to CD. C1 = Shared 
environmental influences shared in common by ADHD, verbal ability, and 
CD. C2 = Shared environmental influences shared in common by verbal 
ability and CD. C3 = Shared environmental influences specific to CD. 
E1 = Non-shared environmental influences shared in common by ADHD, 
verbal ability, and CD. E2 = Non-shared environmental influences shared in 
common by verbal ability and CD. E3 = Non-shared environmental influences 
specific to CD.www.frontiersin.org  March 2011  | Volume 2  | Article 3  |  5
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all variables. The cross-trait cross-twin correlations showed greater 
MZ correlations than DZ correlations for the covariance between 
ADHD and verbal ability and between ADHD and CD, but not 
between CD and verbal ability. This finding suggests genetic influ-
ences on the covariance between ADHD and verbal ability and ADHD 
and CD, but not on the covariance between CD and verbal ability.
PrIMary analyses
To examine the statistical significance of genetic and environmental 
influences on ADHD, verbal ability, CD, model fitting analyses were 
conducted. The full Cholesky decomposition model fit the data 
adequately [χ2 (152) = 212.80, p < 0.01, CFI = 0.95, TLI = 0.97, 
RMSEA = 0.04; Hu and Bentler (1998) suggested that a CFI and 
TLI greater than 0.95 and RMSEA less than 0.06 indicate good 
model fit]. Dropping the influences shared only between verbal 
ability and CD (i.e., dropping the paths a32, c32, and e32 simulta-
neously from the model shown in Figure 1) from the Cholesky 
model from the full model (using the DIFFTEST option in Mplus 
for WLSMV estimation) did not lead to a significant decrement in 
the fit of the model [∆χ2 (3) = 2.40, p = 0.49]. The reduced model 
also fit the data adequately [χ2 (155) = 215.44, p < 0.01, CFI = 0.95, 
TLI = 0.97, RMSEA = 0.04]. We tested whether the parameters 
were significantly different in two age groups: 11–14.99 and 15–19. 
Constraining the parameters to be equal across younger and older 
groups did not lead to a significant decrement in the fit of the model 
[∆χ2 (17) = 17.82, p = 0.40].
Figure 1 shows the parameter estimates from the full trivariate 
Cholesky decomposition model (statistically significant parameter 
estimates are indicated with an asterisk), in which the variance of 
CD was decomposed into variance shared in common with both 
ADHD and verbal ability, variance shared in common with verbal 
ability only, and variance unique to CD. The parameter estimates 
from Figure 1 were squared to calculate the percentage of vari-
ance of ADHD, verbal ability, and CD explained by the three sets 
of genetic, shared environmental, and non-shared environmental 
influences (i.e., A1, C1, E1, A2, C2, E2, A3, C3, and E3) and the 
variance explained by age (for the two ordinal variables, ADHD 
and CD); these are shown in Table 4. ADHD only has one set of 
factors influencing it: A1, C1, and E1. The variance of verbal abil-
ity is decomposed into two different sets of factors: those that are 
shared with ADHD (i.e., A1, C1, and E1) and those influencing 
verbal ability alone (i.e., A2, C2, and E2). CD is composed into 
three different sets of factors. The first set of factors is shared with 
both ADHD and verbal ability (i.e., A1, C1, and E1); 17% of the 
variance of CD is due to genetic and environmental influences 
that are shared with ADHD and verbal ability. The second set of 
factors (i.e., A2, C2, and E2) is shared with verbal ability only; this 
set of factors contributes very little to the variance of CD (about 
2% total). The third set of factors (i.e., A3, C3, and E3) is specific 
to CD, and explains most of the variance of CD (i.e., 68%).
dIscussIon
The aim of the present study was to increase the understanding 
of the etiology of CD, and assess whether low verbal ability shares 
unique variance with CD, above and beyond that shared with 
ADHD. We examined the etiology of CD by dividing the variance 
of CD into variance shared with ADHD and verbal ability, and the 
ADHD and verbal ability, that shared with verbal ability alone, and 
CD-specific variance. The path coefficient a11 is the effect of A1 on 
the first variable, ADHD; the path coefficient a21 is the effect of A1 
on the second variable, verbal ability; the path coefficient a31 is the 
effect of A1 on the third variable, CD, and so on. The interpreta-
tion of C1, C2, C3, E1, E2, and E3 and the corresponding path 
coefficients are similar, except C refers to shared environmental 
influences, and E refers to non-shared environmental influences. 
To test the significance of the genetic, shared environmental, and 
non-shared environmental influences on CD that are shared in 
common with verbal ability alone (after controlling for the influ-
ences of ADHD), paths a32, c32, and e32 were dropped (see dotted 
lines in Figure 1), using the chi-square difference test.
Additionally, because several studies suggest that the heritabil-
ity of intelligence changes over the life course (e.g., Plomin and 
Spinath, 2004; Hoekstra et al., 2007), we examined whether the 
results are significantly different for younger and older partici-
pants. A model where parameter estimates were free to vary across 
younger (11–14.99) and older participants (15–19) was compared 
to one where they were constrained to be equal across younger and 
older participants.
results
PrelIMInary analyses
A model allowing correlations to be different between males and 
females [χ2 (39) = 39.37, p = 0.45; CFI = 1.00; RMSEA = 0.006] and 
a model where male and female correlations were constrained to be 
the same [χ2 (60) = 67.87, p = 0.23; CFI = 0.99; RMSEA = 0.022] 
were tested. The fit of these two models was not significantly dif-
ferent [∆χ2 (21) = 28.87, p = 0.12], suggesting that the male and 
female correlations were not significantly different. Table 2 presents 
the phenotypic correlations among ADHD, CD, and verbal ability. 
Phenotypic correlations between ADHD and CD were positive and 
statistically significant, such that individuals with ADHD were also 
more likely to have CD. Phenotypic correlations between verbal 
ability and ADHD and between verbal ability and CD were negative 
and statistically significant, indicating that lower verbal ability is 
associated with increased likelihood of ADHD and CD.
Table  3  presents  the  within-trait  cross-twin  correlations  and 
the cross-trait cross-twin correlations in MZ and DZ twin pairs. 
Correlations are provided for descriptive purposes. The model fit-
ting results (in the Primary Analyses) provide a statistical test of the 
  following observations. Among the within-trait cross-twin correla-
tions, MZ correlations were greater than DZ correlations for ADHD, 
verbal ability, and CD for both sexes, suggesting genetic influences on 
Table 2 | Phenotypic correlations among disorders.
  Full sample  Males  Females
  ADHD  Verbal  CD  ADHD  Verbal  CD  ADHD  Verbal  CD
ADHD                
Verbal −0.081**     −0.089**     −0.072*  
CD  0.356**  −0.073**   0.367**  −0.033    0.343** −0.112**
*Indicates a significant p value of <0.05; **indicates a significant p value of 
<0.01.Frontiers in Psychiatry  | Child and Neurodevelopmental Psychiatry    March 2011  | Volume 2  | Article 3  |  6
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The association between verbal ability and ADHD/CD was 
smaller in the present study compared to those reported in previ-
ous studies. For example, Moffitt and Silva (1988b) compared the 
verbal IQ scores of controls and individuals with ADHD, delin-
quency, and both ADHD and delinquency; the standardized effect 
size r for the relationship between verbal IQ and ADHD/delin-
quency in this sample ranged from 0.14 to 0.56. Also, Elkins et al. 
(1997) noted that verbal IQ explained about 5% of the variance of 
delinquency in 12- to 13-year-old participants in two longitudinal 
samples. In the present study, the correlation between verbal ability 
and ADHD/CD was approximately −0.07, indicating approximately 
0.5% of variance explained. It is possible that there is a smaller 
association between verbal ability and ADHD/CD in the present 
study given our examination of the association between verbal abil-
ity and DSM-IV ADHD/CD (rather than a dimensional measure 
of delinquency or antisocial behavior; e.g., Elkins et al., 1997) in 
a population-based sample (i.e., rather than a clinic referred or 
delinquent sample; e.g., Moffitt and Silva, 1988b). Future directions 
include the incorporation of additional dimensional assessments 
of ADHD and CD symptoms from other sources (i.e., parents and 
teachers).
The results of the present study should be interpreted while 
considering the following limitations. The prevalence of psychiatric 
disorders such as CD and ADHD are low in the general population. 
Therefore, we did not constrain the diagnosis of CD and ADHD 
to follow additional DSM-IV criteria with respect to age of onset 
of symptoms or symptom clustering. However, we also examined 
subthreshold levels of CD and ADHD, and most of the statistical 
power in the analyses was from the subthreshold subjects. Given 
the small covariance between verbal ability and ADHD/CD, there 
variance shared with verbal ability after controlling for ADHD. 
There was a small but statistically significant, negative correlation 
between verbal ability and CD and between verbal ability and 
ADHD. Dropping the genetic, shared environmental, and non-
shared environmental influences on CD that are shared with verbal 
ability alone (after controlling for ADHD; i.e., dropping the paths 
a32, c32, and e32 in Figure 1) did not lead to a significant decrement 
in the fit of the model. When the variance of CD was decomposed 
into influences that are shared in common with both verbal ability 
and ADHD, those shared in common only with verbal ability, and 
CD-specific influences, the influences shared in common only with 
verbal ability (i.e., A2, C2, and E2 in Figure 1) contributed very 
little to the variance of CD (about 2% of the total variance of CD). 
Overall, the results indicate that the common influences shared by 
ADHD, verbal ability, and CD have a significant effect on the vari-
ance of CD (approximately 16%). Most of the variance of CD was 
not shared with verbal ability or ADHD (i.e., 68%). In support of 
alternative hypothesis 2, these results indicate that low verbal ability 
is not a significant risk factor for CD after controlling for ADHD.
These results suggest that the covariance between verbal ability 
and CD is significant, but that most of the covariance is associated 
with influences also shared in common with ADHD. Although one 
study (Déry et al., 1999) found that lower verbal skills character-
ize CD without ADHD, several researchers (e.g., Moffitt and Silva, 
1988b; Henry and Moffitt, 1997; Hogan, 1999; Burke et al., 2002; 
Waschbusch, 2002) have suggested that the covariation between 
verbal skills and CD may be due to the significant comorbidity 
between ADHD and CD. The present study found little evidence of 
genetic and environmental influences on verbal ability associated 
with CD that are independent of those also influencing ADHD.
Table 4 | Percent variance of ADHD, verbal ability, and CD.
  A1  C1  E1  A2  C2  E2  A3  C3  E3  AgE
ADHD  0.34**  0.00  0.63**  –  –  –  –  –  –  0.03**
Verbal  0.03  0.06  0.00  0.41**  0.27  0.22**  –  –  –  –
CD  0.15*  0.01  0.01  0.01  0.01  0.00  0.30**  0.00  0.38**  0.13**
*Indicates a significant p value of <0.05; **indicates a significant p value of <0.01. ADHD, attention-deficit/hyperactivity disorder; CD, conduct disorder. A1 = Genetic 
influences shared in common by ADHD, verbal ability, and CD. A2 = Genetic influences shared in common by verbal ability and CD. A3 = Genetic influences specific 
to CD. C1 = Shared environmental influences shared in common by ADHD, verbal ability, and CD. C2 = Shared environmental influences shared in common by verbal 
ability and CD. C3 = Shared environmental influences specific to CD. E1 = Non-shared environmental influences shared in common by ADHD, verbal ability, and CD. 
E2 = Non-shared environmental influences shared in common by verbal ability and CD. E3 = Non-shared environmental influences specific to CD.
Table 3 | Within- and cross-trait, cross-twin correlations.
  MZF  DZF  MZM  DZM  DZO  MZ all  DZ all
WiTHiN-TrAiT, CrOSS-TWiN
ADHD  0.412**  0.253*  0.317**  0.175*  0.165*  0.368**  0.192**
Verbal  0.798**  0.496**  0.710**  0.650**  0.531**  0.758**  0.544**
CD  0.587**  0.449**  0.637**  0.439**  0.299**  0.612**  0.385**
CrOSS-TrAiT, CrOSS-TWiN
ADHD–verbal  −0.126**  −0.051  −0.079  −0.042  −0.074  −0.103**  −0.057
ADHD–CD  0.247**  0.199**  0.327**  0.261**  0.071  0.290**  0.176**
CD–verbal  −0.170**  −0.192**  −0.017  −0.009  −0.058  −0.100**  −0.092**
*Indicates a significant p value of <0.05; **indicates a significant p value of <0.01.www.frontiersin.org  March 2011  | Volume 2  | Article 3  |  7
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